'Batik' is known as one of the most popular textile industries in Malaysia, and it produces wastewater in its processing. The wastewater contains reactive dye and is released into drains as well as rivers. It could cause harm to the environment and interrupt the food chain due to the chemicals contained in it. The aim of the present study is to determine the flux performance and modified fouling index using ultrafiltration (MFI-UF) by using different membrane materials, feed concentrations and feed chemistry. The sample was obtained from Romi Batik located at Chendering Terengganu.
INTRODUCTION
Dye pollutants from textile dye industries are an important source of environmental contamination. There are about 10,000 dyes currently used in the textile industry (Poon et al. ) . It is estimated that 1-15% of the dyes are lost during processing and are released into wastewater. The release of this colored wastewater poses a major problem for the industry as well as a threat to the environment (Sauer et al. ) .
Dye pollutants are generally resistant to biological degradation (Kuo & Ho ; Sun et al. ) . The discharge of dyes into the environment is a concern for both toxicological and aesthetic reasons, as dyes impede light penetration, damage the quality of the receiving streams and are toxic to the food chain for organisms (Padmesh et al. ) . The methods of color removal from industrial effluents, including biological treatment, coagulation, flotation, adsorption, oxidation and higher filtration among the treatment options, appear to have considerable potential for the removal of color from industrial effluents. It has previously been reported that active carbons are considered as a well-known adsorption treatment for the removal of micro-pollutants (Faur-Brasquet et al. ). However, commercially available activated carbon is still considered expensive (Sourja et al. ) . The first noticeable effect in are known to be toxic and potentially carcinogenic. Therefore, these wastewaters must be adequately treated before disposal.
A membrane filtration process will be used in this study instead of a common or typical treatment for wastewater.
The membrane filtration process that will be used is ultrafiltration, because the pore sizes are extremely tiny and it has advantages over other methods. Due to the fine pore size and lack of discrimination between influents of these membrane filtration systems, a very high quality effluent emerges, so it will block or filter the dye effectively.
Basically, an ultrafiltration membrane is used as it rejects and separates high molecular weight solutes as well as suspended solids, colloids and macromolecules. The ultrafiltration separation mechanism is commonly attributed to geometry such as the pore size of the membrane. Due to the pore size of the common ultrafiltration membrane, it is very suitable for use in removing dye from wastewater.
The ultrafiltration membrane system conserves energy with minimal operation and labor costs, and it has the ability to retain high concentration, minimizing disposal costs for a wide range of industries.
Thus, the main objective of this study is to determine the permeate flux and modified fouling index-ultrafiltration (MFI-UF) by using different membrane materials, different feed solutions (real and synthetic solutions) and a variety of solution chemistry. The existing modified fouling index (MFI 0.45 ) based on cake filtration uses a 0.45 μm microfilter to measure the particulate fouling potential of feed water. However, it is not sensitive to small colloidal particles. Incorporating these particles, the MFI using ultrafiltration (UF) membranes was proposed (Boerlage ) . In this study, a suitable reference membrane for the MFI-UF test was investigated using cellulose acetate (CA) and polyvinylidene fluoride (PVDF). Furthermore, the percentage of dye rejection using the ultrafiltration process was also determined.
MATERIALS AND METHODS

Chemicals, membranes and experimental rig
The experiments were carried out with effluent obtained from Romi Batik (Chendering, Terengganu). Table 1 summarizes the characteristics of the feed solutions, while Table 2 . New membranes were soaked in pure water overnight prior to each run in order to remove the preservative liquids before the membranes could be used. Experiments were performed using Millipore UHP 62 stirred cell, as shown in Figure 2 .
Fouling indices experiments
There were two different dye concentrations of batik effluent used in this study, taken from the first and third washing can be calculated as Equation (1) (Majewska-Nowak ):
where V is the volume of permeate at particular time (L), A is the filtration area of the membrane (m 2 ) and t is the duration of the filtration (h). Meanwhile, the dye rejection was calculated as a percentage according to the following equation:
where C p is the permeate dye concentration and C f is the feed dye concentration (Alventosa-de Lara et al. ).
Characterizations of the membranes after filtration
The changes on the surface morphology after experiments were visualized using scanning electron microscopy (SEM).
RESULTS AND DISCUSSION
Effect of feed concentration on membrane fouling The image exhibits a porous surface structure with a large number of holes; they can also be labeled as not dense. Instead, the CA membrane pore patterns are denser than PVDF. Most of the dye only accumulated on the surface of the CA membrane, while for PVDF, it penetrated into the pores, which causes more dye rejection than CA (see Figures 6 and 7) .
Overall, the results showed that permeate flux for the CA membrane was higher than permeate flux for the PVDF membrane due to its characteristics. The CA membrane was strongly hydrophilic and less prone to fouling, while the PVDF membrane was hydrophobic but more prone to fouling. Therefore, this explains why the CA membrane has high permeability compared to the PVDF membrane. Hence, it greatly affected the permeate flux. membrane was severely declined compared to the other conditions. This is due to the fact that it has a large particle size compared to pH 7. The particle size at pH 3 was 0.362 μm, while pH 7 was 0.196 μm, which can be clearly seen in Figure 9 . Flux will surely decline due to membrane fouling. It is because the pore has been blocked, which reduces the permeate production rate and increases the complexity of the membrane filtration operation.
The membrane fouling that causes great flux decline can be seen in Figures 10 and 11 . In the original feed solutions, the image clearly shows that a heavy clog occurred as the dye accumulated on the membrane surface after filling up the pores of the PVDF membrane. It is noticeable at pH 7 that the PVDF membrane did not display obvious deposition of dye particles on the pore structures. This is supported by the pore structure, as displayed in Figure 5 . Based on the results, it is shown that the value of MFI was higher for the PVDF membrane. It was noticeable that at pH 7, the indices were 72,088 s/L 2 for the PVDF membrane. This value was four times higher than the indices for the CA membrane, which was only 16,209 s/L 2 .
The MFI was very sensitive, and indicates the degree of membrane fouling whether it was heavily clogged or not.
The MFI values for all PVDF membranes were higher than the CA membranes. According to Figures 12 and 13 , a huge gap between the MFI values of PVDF membranes and CA membranes is clearly shown. When the MFI value increased, the fouling of the membrane also increased. So, the fouling performance in PVDF membranes was higher and better than CA membranes.
Percentage of dye rejection
The percentage of dye rejection is clearly presented in Higher dye concentration increased the dye accumulation on the membrane surface, and color removal became higher than those of the lower dye concentration.
The highest dye rejection of 85.38% was achieved at pH 7 for the PVDF membrane. However, the dye rejection in acidic conditions can be measured only for the first 15 minutes of filtration. This is probably due to the severe decline showed by the membrane, which confirmed the formation of large dye particles and its deposition on the pore structure by altering the chemistry to low pH levels.
Figures 16-23 clearly show the changes in physical appearance of the dye treatment after the filtration process.
It can be clearly seen that the color of the solution is highly concentrated in the first beaker and slowly turns to nearly colorless in the last beaker for all conditions and membrane materials. According to Cooper () , for the dyeing process, the safe pH of effluent to be released into water sources was in the range of 5-10. So, at pH 7 it meets the requirements for wastewater and is safe to be released. This claim is supported by the findings shown in Figure 15 , in which the PVDF membrane could reject more than 80% of the dye from the initial concentrations at pH 7 for 70 minutes of filtration. Moreover, the textile dyes have complex structures, synthetic origins and a recalcitrant nature, which requires their removal from industrial characterize the fouling performance. As a result, pH and feed concentrations play an important role in the ultrafiltration process. At a higher concentration and original pH, the cake formation on the membrane surface was predicted to be more dominant and led to extreme membrane fouling.
The highest MFI (72,088 s/L 2 ) and dye rejection (85.38%)
were achieved at pH 7 and 77 ppm feed concentration.
Moreover, the surface chemistry of the membrane itself strongly affects the ultrafiltration process. PVDF was chosen as the best material because it can retain most of the dye on its surface. As the dye accumulation on the surface increased, the color removal also increased. The hydraulic efficiency of the membrane decreases and makes it more prone to fouling. As for the CA membrane, it contrasts with the PVDF as it is a strongly hydrophilic membrane that shows a high permeability and is less prone to fouling. Hence, it is not suitable for the process of dye filtration. The overall results show that the ultrafiltration membrane is feasible for significantly removing dye from wastewater.
